Anemia is a common finding in patients with heart failure (HF). The cause for anemia is multifactorial, with iron deficiency being the most common cause. Anemia with HF is an established predictor of morbidity and mortality. Iron deficiency in systolic HF, even without anemia, has been associated with increased mortality, increased hospitalizations, and decreased functional capacity and quality of life measures. Data from several randomized controlled trials and meta-analyses of iron deficiency and systolic HF show a beneficial effect for intravenous (IV) iron in terms of quality of life and functional capacity (improvements in 6-min walk test, and improvements in New York Heart Association functional class), as well as decreased hospitalizations for HF and reduction in cardiovascular mortality rates. Limited evidence exists for a beneficial effect of IV iron in diastolic dysfunction.
DOI: 10.1159/000496822 for erythropoiesis [8] . Absolute iron deficiency in HF may result from appetite loss, poor nutrition, decreased gastrointestinal absorption of iron due to edema, and gastrointestinal blood loss due to the use of anti-aggregants and anticoagulants [9] . Functional iron deficiency, referred to as iron-restricted erythropoiesis, is a form of anemia of chronic inflammation mediated through hepcidin, a peptide that inhibits intestinal iron absorption and iron release from the circulating macrophages [10] . Inflammation in HF can induce hepcidin expression independent of iron stores and inappropriately limit iron absorption.
Outcomes of Anemia in HF
Anemia with HF is an established predictor of morbidity and mortality. In a systematic review of 153,180 patients with HF, 48% died within 6 months (adjusted hazard ratio [HR] 1.46; 95% confidence interval [CI] 1.26-1.69) [11] .
Data from a Canadian cohort demonstrated that the risk of death was 1.34 times higher in HF patients with anemia compared to those without anemia [12] . Corroborating the above, a retrospective analysis of the Valsartan Heart Failure Trial data indicated that higher levels of hemoglobin (Hb) as a continuous measure were associated with an increased survival in HF patients (HR 0.78) [3] .
Outcomes of Iron Deficiency in HF
Traditionally, iron deficiency has been considered to have clinical consequences only in the presence of anemia. In systolic HF, iron deficiency has been shown to constitute a strong independent predictor of unfavorable outcome [13] . In a prospective observational study of 546 patients with stable systolic HF, iron deficiency, with and without anemia, was an independent predictor for death or heart transplant [13] . Moreover, iron deficiency with or without anemia decreases aerobic performance and is associated with the development of fatigue [14] . In a singlecenter cross-sectional study of 538 stable patients with chronic HF, iron deficiency had an independent and linear association with submaximal exercise capacity according to the 6-min walk (6MWD) test and with symptomatic functional limitation according to the advanced New York Heart Association (NYHA) functional class [15] . Iron deficiency in HF has also been associated with increased hospitalizations [16] . Health-related quality of life (QoL) measures have been shown to be significantly impaired in HF and iron deficiency as well [17] .
In this context, anemia can be viewed as the last stage of the same process of iron deficiency, and benefit from treatment might possibly be seen early in the course of HF, before the progression of iron deficiency to iron deficiency anemia. However, as anemia might serve as a surrogate for the severity of HF rather than a therapeutic target per se, time to intervene, dosage, and targets need to be clearly defined.
Intravenous Iron Treatment
Evidence from Randomized Controlled Trials One of the first studies to examine intravenous (IV) iron in patients with HF was published in 2006 by Bolger et al. [18] . This was a single-arm study which included 16 patients with systolic HF who received 1 g iron sucrose daily for 12 days. Iron deficiency was inappropriately defined in this study by a ferritin level < 400 ng/mL. The investigators reported benefit in functional capacity as was evidenced by improved 6MWD test and by the Minnesota Living with Heart Failure Questionnaire (MLHFQ). In 2007, Toblli et al. [16] randomized 40 patients with HF and an ejection fraction (EF) < 40% to either normal saline or 200 mg IV iron sucrose weekly for 5 weeks. Inclusion criteria were anemia and a Hb concentration < 12.5 g/dL in men and < 11.5 g/dL in women, plus iron deficiency defined by serum ferritin < 100 ng/mL and/or transferrin saturation (TSAT) of < 20%. Patients who received IV iron had lower NT-pro-brain natriuretic peptide, better functional capacity, and fewer hospitalizations throughout 6 months of follow-up.
In 2009, Okonko et al. [19] randomized 35 patients with an EF < 45%, anemia (defined as a Hb concentration < 12.5 g/dL), and evidence of iron lack (defined as either ferritin < 100 ng/mL or ferritin between 100 and 300 ng/ mL and TSAT < 20%) to a total of 1,400 mg iron sucrose or normal saline. Although no differences were noted in peak oxygen consumption or the duration of treadmill exercise (p = 0.08 for both), marked improvements were noted in the endpoints of NYHA functional class and patient global assessment. The observed improvement was greater if anemia was present.
The study with the greatest magnitude of benefit observed with IV iron in HF patients comes from the FAIR-HF trial [20] . It included 459 patients with HF with NYHA classifications II or III, an EF ≤40-45%, evidence of iron deficiency (defined as a ferritin level either < 100 ng/mL or between 100 and 299 ng/mL if TSAT < 20%), and a Hb concentration of 9.5-13. consisted of patients without anemia. The patients were randomly assigned in a 2: 1 ratio to receive either 200 mg IV ferric carboxymaltose (FCM) or saline. The protocol mandated a maintenance dose every 4 weeks with re-initiation if serum ferritin, Hb, or TSAT fell below pre-defined values. Endpoints were assessed at 24 weeks. According to patient global assessment, 50 versus 28% of the patients showed an improvement with the use of FCM (odds ratio [OR] for improvement, 2.51; 95% CI 1.75-3.61). In the group assigned to FCM, 47% presented with a NYHA functional class I or II at week 24, as compared with 30% assigned to placebo (OR for improvement by one class, 2.40; 95% CI 1.55-3.71). The results were consistent irrespective of anemia status. Significant improvements were also reported in the treatment arm on the 6MWD test and QoL questionnaire. The difference in serum ferritin levels was 246 ng/mL, and the difference in Hb concentration was 0.5 g/dL, primarily due to the difference in anemic patients (0.9 g/dL in anemic patients vs. 0.1 g/dL in those without anemia). In the placebo arm, there was a near-normal Hb concentration (12.5 g/dL at the end of the trial). One can conclude that benefits from FCM were exerted even in the absence of prior anemia. The rates of death or adverse events in both arms were comparable.
The CONFIRM-HF [21] trial, published in 2015, was a placebo-controlled multicenter trial that enrolled 304 ambulatory symptomatic patients with HF with left ventricular EF ≤45% and iron deficiency randomized 1: 1 to treatment with FCM or saline and followed them for 52 weeks. This trial has the longest published follow-up period in HF patients treated with iron. Treatment with FCM significantly improved the 6MWD test at week 24 (difference FCM vs. placebo: 33 + 11 min; p = 0.002). This treatment effect of FCM was consistent in the various subgroups and remained consistent up to week 52 (difference FCM vs. placebo: 36 + 11 min; p < 0.001). In addition, improvements in NYHA class and other functional/ QoL measures were reported with statistical significance noted from week 24 and onwards. Furthermore, treatment with FCM was associated with a significant reduction in the risk of hospitalizations for worsening HF (HR 0.39, 95% CI 0.19-0.82; p = 0.009). Mortality and incidence of adverse events were similar between the study groups.
Altogether, although the combined evidence from the aforementioned trials demonstrated improvement in the functional capacity and QoL after IV iron, this therapy only partially translated to a reduction in HF hospitalizations and did not translate to a survival benefit.
Evidence from Meta-Analyses In 2012, Avni et al. [22] published a meta-analysis which included the above-mentioned three randomized controlled trials [16, 19, 20] . A total of 370 patients were treated with IV iron, compared with 224 controls. The primary endpoint was the effect of IV iron on QoL measures and functional capacity. There was a significant improvement in QoL measures in the treatment arm according to the MLHFQ score at 26 weeks, with a mean difference of -18.00 in the score (-22.54, -13.46, I 2 = 0%). The point estimate for an improvement in the NYHA classification favored IV iron. IV iron reduced the number of hospitalizations, C-reactive protein levels, and increased the score of the 6MWD test and mean left ventricular EF. Iron indices were significantly improved, yet Hb levels remained unchanged. No increase in the rate of adverse events was reported.
Another meta-analysis, which included the CONFIRM-HF, reported on 907 patients [23] . Compared with placebo or with no treatment, IV iron significantly reduced hospitalization for HF (OR 0.28, 95% CI 0.16-0.49). However, no difference in all-cause mortality was noted (OR 0.81, 95% CI 0.42-1.57). When these two endpoints were combined to a composite endpoint (four studies), the risk of hospitalizations for HF and death was significantly lower in the IV iron group (OR 0.47, 95% CI 0.29-0.76). There was no increase in the risk of adverse events [23] .
In a patient-level meta-analysis, Anker et al. [24] combined data from the FAIR-HF, CONFIRM-HF, and two other, then unpublished, trials (FER-CAR-01 and EM-PHASIS-HF). All trials compared FCM with placebo. In total, 839 patients, of whom 504 were randomized to FCM, were included. Compared with placebo, patients treated with FCM had lower rates of recurrent cardiovascular (CV) hospitalizations and CV mortality (risk ratio [RR] 0.59, 95% CI 0.40-0.88; p = 0.009). FCM also reduced the rates of recurrent hospitalizations due to HF and CV mortality (RR 0.53, 95% CI 0.33-0.86; p = 0.011), recurrent CV hospitalizations, and all-cause mortality (RR 0.60, 95% CI 0.41-0.88; p = 0.009). The administration of IV FCM was not associated with an increased risk for adverse events.
Cost and Adverse Events
In all the above-mentioned studies, IV iron was not associated with adverse events. This is in-line with a meta-analysis which reported the safety of iron formulations in different clinical settings and even more so in the sub-DOI: 10.1159/000496822 group with patients with HF, where the RR for severe adverse events was 0.45 versus any comparator (95% CI 0.29-0.70) [25] .
The conglomerate evidence from the studies supports the effectiveness and safety of IV iron therapy. Supporting the benefit of IV iron, in a cost-effectiveness study in Nordic countries [26] , quality-adjusted life years were higher (increase of 0.050 quality-adjusted life years per patient) in the IV iron-treated group compared with placebo. Perpatient costs were, in fact, lower in all countries, with reductions ranging from EUR 36 to EUR 484. The main driver for decreased costs was fewer hospitalizations.
Iron in Diastolic HF
Although limited data exists, patients with HF with reduced left ventricular EF (HFrEF) and preserved left ventricular EF (HFpEF) show similar rates of iron deficiency [27] [28] [29] . Several studies have demonstrated that patients with HFpEF with iron deficiency suffered from a similar impact on health-related QoL as patients with HFrEF [17, 28] . Moreover, in both HFrEF and HFpEF, concomitant iron deficiency informs for all-cause mortality independent of the presence or absence of anemia [29] . Evidence for improved outcomes after IV iron therapy is lacking. Small-scale studies treating HFpEF patients with erythropoietin-stimulating agents or oral iron reported no effect on left ventricular end-diastolic volume and left ventricular mass and no improvement in the submaximal exercise capacity or QoL [30, 31] . These findings are consistent with a report from Kasner et al. [32] , who did not find an association between functional iron deficiency and exercise capacity in patients with HFpEF. This important issue should be further elucidated in a dedicated largerscale study: the ongoing FAIR-HF-HFpEF study. This randomized trial will address whether treatment with IV iron for patients with HFpEF and iron deficiency (defined as ferritin < 100 ng/mL or serum ferritin 100-299 ng/mL and TSAT < 20%), both with or without anemia, can improve exercise capacity as measured by the 6MWD test and symptoms without significant toxicity. Study completion date is expected to be approximately July 2019.
Iron Formulations and Route in HF
Most trials assessed IV iron formulations. In HF, iron deficiency is both absolute and functional, and levels of hepcidin are elevated. Due to a hepcidin dysregulation in HF, iron absorption is reduced [33] . Recruitment of iron stores from the reticuloendothelial cells and hepatocytes is impaired in the presence of hepcidin. The oral route might not lead to repletion, although it is attractive due to low cost. IV administration bypasses the "inflammatory block" of available iron and allows faster repletion without gastrointestinal perturbation.
The IRON-OUT study [34] randomized 225 patients with reduced EF to oral iron polysaccharide or placebo. The primary endpoint, change in peak oxygen consumption (VO 2 ) at 16 weeks, was not significantly different between the arms (+23 vs. −2 mL/min; difference, 21 mL/ min, 95% CI −34 to +76; p = 0.46). Similarly, at 16 weeks, there were no significant differences between the treatment groups in changes in the 6MWD test (−13 m, 95% CI −32 to 6), NT-pro-brain natriuretic peptide levels (159 pg/mL, 95% CI −280 to 599), or KCCQ score (1, 95% CI −2.4 to 4.4), all p > 0.05. In this study, the median hepcidin levels increased from 6.7 to 8.9 ng/mL (p = 0.007) in the oral iron group, but the between-group comparison of change in hepcidin levels was not statistically significant (+1.5 ng/mL, 95% CI −0.6 to 3.7; p = 0.17). Changes in TSAT (r = −0.29; p = 0.004), ferritin (r = −0.30; p = 0.004), and soluble transferrin receptor levels (r = 0.48; p < 0 .001) at 16 weeks were correlated with baseline hepcidin levels. The negative results of this trial are in contradistinction to the reported benefits of IV iron and provided a pathophysiologic explanation through the correlation of baseline hepcidin.
The IV formulations used for HF are FCM and iron sucrose, but others, such as ferumoxytol, low-molecularweight iron dextran, iron isomaltoside, and ferric gluconate, are likely to show equivalent benefit. No direct comparison of products exists for HF with iron deficiency; however, extrapolating from other studies [35] [36] [37] , one can assume similar effects. Not all formulations are available in all countries, and costs vary.
Conclusions and Recommendations
In conclusion, anemia is common in HF and is a negative prognostic marker. Iron deficiency is the most common cause and is an independent risk factor for longterm outcomes. Data from randomized controlled trials in patients with iron deficiency and systolic HF show a beneficial effect for IV iron in terms of QoL and functional status. A recent meta-analysis shows that, in HF patients, IV iron also reduced the rates of recurrent HF hospitalizations and CV mortality and recurrent CV hos-Acta Haematol 2019;142:51-56 DOI: 10.1159/000496822 pitalizations and CV mortality. Evidence for improved outcomes in patients with HFpEF treated with IV iron is lacking.
In all patients with systolic HF, an anemia diagnostic work-up is warranted, although in many patients, no specific cause is found. This recommendation is consistent with the 2016 European Society of Cardiology (ESC) guidelines [38] . As for the recommendation regarding treatment, the ESC guidelines state that "IV FCM should be considered in symptomatic patients (serum ferritin < 100 μg/L, or ferritin between 100-299 μg/L and TSAT < 20%) in order to alleviate HF symptoms, and improve exercise capacity and QoL." This is a class IIa recommendation with level of evidence A. The 2017 update of the joint guidelines of the American Heart Association (AHA) and American College of Cardiology (ACC) states that "in patients with NYHA functional class II-III and iron deficiency (serum ferritin < 100 μg/L, or ferritin between 100-299 μg/L if TSAT < 20%) IV iron might be reasonable to improve functional status and quality of life." The level of evidence is IIb. No specific type of iron formulation was recommended [39] .
We agree with these recommendations. We believe that current evidence supports treating HF patients with iron deficiency with IV iron.
